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(54) METHOD AND DEVICE TO PARTICULARLY MEASURE FLOW SPEED OF BLOOD 

(57)Abstract: 

PURPOSE: To dividedly measure flow speed of a medium in space and time by performing two- 
dimensional raster scanning by a laser beam, and calculating a Doppler shift from a time change in 
intensity of the reflected light at respective scanning points. 
CONSTITUTION: A first mirror 3 is joined to a first scanner 1, and is arranged so as to turn around the 
axis 5. A second mirror 4 is arranged in a second scanner 2, and can turn around the axis 6. The axes 5 and 6 are 
vertical to each other. An incident laser beam 10 reflected by the mirror 4 reaches an object 20 through a focus 
adjusting element 16. In that case, the beam 10 is deflected in a plane vertical to the optical axis 12 on the basis 
of a periodic and synchronous movement of both mirrors 3 and 4. In this way, two-dimensional raster scanning is 
performed on the object, for example, the retina by the laser beam, and in that case, it is quickly measured 
several times at any point by repeated scanning. A Doppler shift is calculated from a time change in measuring 
intensity of the light reflected by respective scanning points, and flow speed of blood is determined. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] By determining the frequency shift of the laser beam reflected within a fluid according to an 
optical Doppler effect In the approach of measuring the rate of flow of a fluid, especially blood, a two- 
dimensional mesh configuration is scanned by the laser beam. The approach characterized by obtaining 
the measured value of N individual (N is 2 or an integer beyond it) in each scanning point according to 
the reflected light, and calculating a Doppler shift from the temporal response of the reflected light 
reinforcement in each scanning point measured in this way, and determining the rate of flow in each 
point of the mesh field. 

[Claim 2] The approach according to claim 1 characterized by the ability of a scan and measurement for 
a laser scan system to use it by confocal arrangement especially in that case, and carry [ to be able to 
carry out a scan in various depth of an object in at least two flat surfaces, and ] out in at least two 
different focal planes. 

[Claim 3] It is an approach given in any 1 term of claims 1 or 2 characterized by being able to carry out 
measurement in various range of an object, and using two different sources of laser preferably in that 
case by choosing the wavelength of a laser beam. 

[Claim 4] The luminous intensity reflected during the scan which met especially one line is measured 
with a fixed time interval. Along with the line scanned in that case, determine and memorize the 
measured value of M pieces, and such measured value reproduces reflected light reinforcement in each 
M points of having met the line scanned. It is an approach given in any 1 term of claims 1-3 
characterized by the thing which carried out [ with the especially same time interval ] N time operation 
of the scan along with the aforementioned line and met the object continuously on that occasion, and 
for which this scan is repeated about another desirable parallel line at least. 

[Claim 5] Include N line and M train divided in time decomposed like a location of reflected light - 
reinforcement. The measured-value matrix of the MxN individual which is scanned and which was 
determined for every line A analysis of a spectrum, An approach given in any 1 term of claims 1-4 
characterized by applying especially to a discrete Fourier transformation, and for this determining 
frequency distribution of time fluctuation of reflected light reinforcement, and determining the velocity 
distribution of the migration part of the fluid in each point of an object from frequency distribution of 
this kind. 

[Claim 6] An approach given in any 1 term of claims 1-5 characterized by dividing in [ after determining 
a MxL rate matrix and making it especially this matrix be in sight as an image by calculating the typical 
rate of flow in each point of the two-dimensional field where the object was scanned ] location, and 
reproducing the rate of flow. 

[Claim 7] An approach given in any 1 term of claims 1-6 characterized by synchronizing the decision of 
measured value with a heartbeat. 

[Claim 8] Equipment for enforcing the approach of a publication in any 1 term of claims 1-7 
characterized by having a computer (32) for having the laser scan system which has a beam-of-light 
deviation unit (1 2) for deflecting a laser beam periodically by the perpendicular 2-way mutually, having 
an electronic control circuit for implementation of a scan, and the decision of measured value (34), and 
analyzing the obtained measured value. 

[Claim 9] Equipment according to claim 8 characterized by preparing two mirrors (3 4) which deflects an 
incidence laser beam, and which synchronize periodically and move in a right angle by two-dimensional 
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at an optical axis (12) in order to have a focus element for adjusting the optical image formation 
equipment or the focal plane for carrying out image formation of the scanned laser beam on an 
investigation object (20), or its both and to deflect a beam of light in that case. 

[Claim 10] The 2nd mirror (4) vibrates by the RF (f), and a laser beam is moved along with one line of an 
investigation object (20). Equipment according to claim 8 or 9 characterized by continuing measurement 
of N time for a scan with 1 /of the same time intervals f along with each line along with each line of an 
object about each of M points continuing N time (N being 2 or an integer beyond it) in that case. 
[Claim 11] The central point of the 2nd mirror (4) is arranged in the center of spacing (7) between the 
1st mirror (3) and its revolving shaft (5). The beam of light from the 1st mirror (3) goes to the 2nd mirror 
(4) to the direct other side and hard flow. Or equipment given in any 1 term of claims 8-10 which it is 
combined with the revolving shaft with which the 1st mirror (3) belongs to it through an arm (11), or are 
the both, and are characterized by being spacing (7) of the above [ the die length of an arm (11) ], and 
the almost same die length in that case. 

[Claim 12] It is equipment given in any 1 term of claims 8-11 to which the measured value of a MxN 
individual is digitized, a computer (32) memorizes, the matrix of MxN measured value is memorized in 
that case, the line of the N book is divided in location, the M trains are divided in time, and 
reinforcement of the reflected light is characterized by corresponding to each point. 
[Claim 13] After memorizing a location time amount matrix about the line of an object, a laser beam is 
shifted at least by the 1st mirror (3) on at least one contiguity line of an object (20) almost at right 
angles to the direction of the line scanned next. Equipment according to claim 12 characterized by 
memorizing a location time amount matrix according to this line, and memorizing L matrices which have 
the measured value of a MxN individual according to several L of the line scanned on that occasion, 
respectively by the computer, being evaluated, or performing those both. 

[Claim 14] Equipment according to claim 12 or 13 characterized by carrying out a analysis of a spectrum 
with a suitable signal processor or the Fourier transformation vessel of the form of hardware. 
[Claim 15] Equipment given in any 1 term of claims 8-14 characterized by having the detector (26) of 
high sensitivity, and a high sensitive detector equivalent to especially an electron-avalanche photodiode 
or this. 

[Claim 16] Optical system is designed so that sensitively [ polarization ], and the source of linearly 
polarized light laser is used especially in that case. The linearly polarized light of the non-polarized laser 
beam is carried out with a polariscope. Decoupling equipment (22) or similarly Are designed so that 
sensitively [ polarization ], and only the reflected light by which the linearly polarized light is carried out 
in the direction rotated 90 degrees to the incident ray reaches a detector (26). Or the 90 degrees of the 
polarization directions of the reflected light rotate to the polarization direction of a laser light source 
with the quarter-wave length plate added and arranged between the objects (20) and decoupling 
equipment which are investigated preferably. Or equipment given in any 1 term of claims 8-1 5 
characterized by being the both. 

[Claim 17] The return time amount after the scan which met at the line of an object in the case of the 
2nd mirror (4) which moves by the frequency (f) is used for acquisition of data. The 2nd location time 
amount matrix shifted in time to the 1st location time amount matrix about each line scanned in that 
case is determined. Equipment given in any 1 term of claims 8-16 characterized by carrying out the 
Fourier transformation of both the aforementioned locations time amount matrix separately, continuing, 
being compounded by all spectrums in consideration of the shift principle of a Fourier transformation, 
and the improvement of signal to noise ratio being attained by especially this. 

[Claim 18] Equipment given in any 1 term of claims 8-17 on which the ratio of the luminous intensity 
reflected in the measured rate of flow by the fixed component and the migration component which be 
obtained from frequency spectrum analysis be hung , to which the image which flowed in the form which 
suited especially by this at the purpose , and be divided like the whole location be brought in each point 
of the investigation range and which be characterized by use of laser doppler flow rate mensuration . 



[Translation done.] 
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* NOTICES* 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the equipment for enforcing the approach further about 

the approach by the description given in pre AMBURU of claim 1. 

[0002] 

[Description of the Prior Art] This kind of the approach and system which are measured by determining 
the frequency shift of the laser beam moreover reflected in a fluid in the rate of flow of a fluid, 
especially the rate of flow of blood according to an optical Doppler effect are known from the PCT 
application international patent 93rd / No. 03667. Therefore, the blood rate-ofHlow measurement of** 
1 is attained by measuring the frequency shift of a reflective laser beam. Although this measuring 
method is not intrusive, only measurement of only the one rate of flow can be performed. The still higher 
costs at a patient and investigator side are needed, and a collimation beam of light must be especially 
applied comparatively correctly [ long duration predetermined ] to one point. Especially in this approach, 
the former was impossible for measuring the blood flow in the circulatory system of the choroid of an 
eye in an ophthalmology. Furthermore, the equipment with which it corresponds for the diagnosis in the 
approach and ophthalmology based on an optical Doppler effect is known from U.S. Pat. No. 4142796. 
[0003] Measurement of a flow velocity is required of much medical diagnosis and the field of a therapy. 
Especially in an ophthalmology, there is need on clinical [ which divides the blood flow in a retina in 
location, and measures it continuously / big ]. As everyone knows, oxygen is supplied to the cell of three 
layers of a retina through two independent blood circulatory systems. The photoreceptor of the lowest 
layer is supplied by the choroid and the nerve cell of the maximum upper layer is supplied by the 
vascular bed in a retina at a bipolar cell / amacrine cell list. It is required to measure the rate of flow in 
the arteriole which supplies blood, a retina capillary tube, andthe. condition pulse branching blood vessel- 
which bypasses a capillary tube and leads a blood flow to a direct vein. 

[0004] In addition, two retina circulation measuring methods other than the laser-doppler rate 
measurement described first are used clinically. The fluorescence vasography is one of those are carried 
out frequently, and after this injects with a fluorochrome in a vein, it is based on evaluating the artery 
and capillary tube of a retina quantitatively. By the quantitative evaluation of the digitized fluorescence 
image, the description about lateral vein retina time amount (Arm-Retina-Zeit) or condition pulse pass 
time is attained. Also although it is called the intravenous injection of a fluorochrome, it is an intrusive 
approach, and especially this is carried out with the residual risk of a hypersensitive shock in the 
ophthalmological clinic until now. Although the fluorescence vasography is a two-dimensional location 
split plot experiment, division still is not carried out in time, but it is an intrusive thing accompanied by a 
serious residual risk. Finally, the flow velocity in the orbital artery to the diameter of 1mm, an arteriole, 
and a venule can be divided in time, and can be measured in the part which used non-invading mold 
supersonic-wave Doppler SONOGURAFI (double SONOGURAFI, pulsating Doppler SONOGURAFI), and 
was restricted. On the other hand, a small blood vessel and the capillary tube of a retina are 
undetectable by this approach. 

[0005] From U.S. Pat. No. 5170276, the equipment which scans an object by the bundle of rays in the 
two directions which intersect, perpendicularly substantially is known. These revolving shafts pass along 
the inside of the flat surface which intersects perpendicularly mutually including the 1st scanner and the 
2nd scanner with which this equipment has a mirror, respectively. This equipment has a compact 
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structure gestalt and additional optical system is not included in the optical path between said mirrors. 
The mirror of the 1st scanner is prepared in a predetermined distance from the revolving shaft. The 
central point of the mirror of the 2nd scanner is arranged at the core of said distance between the 
revolving shaft of the 1st scanner, and a mirror, and especially the scan process that is optically 
satisfactory is guaranteed when a bundle of rays progresses to the mirror of the 2nd scanner directly 
from the mirror of the 1st scanner in that case. 

[0006] furthermore, publication J.Phys.BSci.lnstrum. — the 17th — volume (1984) 131-136 From the 
page, the anemometer which can measure the wind speed in a wind tunnel, using the scan by the 
Doppler effect and the laser beam is known. Moreover, publication Especially from Rev.Sci.Instrum.52 
(11) (1981) 1676-1681 page, the laser-doppler system which can measure a wind speed too is known. 
Especially in this kind of equipment or a system, the mirror installed by fixing exists, the overall 
comparatively big volume is required and use for medical diagnosis and a therapy cannot be performed 
easily. 
[0007] 

[Problem(s) to be Solved by the Invention] Therefore, this invention is based on the technical problem 
that the equipment which carries the approach and this which divide the rate of flow of the flowing 
medium spatially and in time, and can measure it certainly out is advocated. The equipment for carrying 
this approach and this out must show the high accuracy of measurement. 
[0008] 

[Means for Solving the Problem] This technical problem is solved by the description according to claim 1. 
[0009] 

[Example] The approach by this invention consists of combination of the rate-of-flow measurement and 
the laser scan technique by the optical Doppler effect, in that case, a required measuring range is 
covered by high sensitivity detection at the set point list of a scan process, and the required accuracy 
of measurement is attained. Unlike a known approach, the rate-olHlow measurement of a fluid is divided 
in location by the three dimension, and, also in time, is divided, and it is un-intrusive and it is quickly 
performed to coincidence. The two-dimensional raster scan of the object which should be investigated, 
for example, the retina, is carried out by the laser beam, and multiple-times measurement of the 
reflected light is repeatedly carried out quickly by scan at every point in that case. A Doppler shift is 
especially calculated from the temporal response of the measured intensity of light reflected in each 
scanning point, and the rate of flow in each point of blood is determined. Drawing divided in location by 
two-dimensional [ of a retina blood flow ] js obtained. The image divided still in time [ a retina blood 
flow ] is obtained by repetition of said measurement. By realizing especially a laser scan system by — 
confocal arrangement, location division about the depth is performed further and each class of an object 
can be alternatively measured by this. In retina inspection, by suitable setup of laser wavelength, a 
choroid can be separately measured in a retina. 

[0010] Within the limits can also be used for the scan laser-doppler rate measuring method by this 
invention also out of range [ the medicine field ]. The applicability of this approach attains to all the 
fields that need the measurement divided spatially [ the rate of flow of the flowing medium ] 
fundamentally. The usability of this approach can attain to all the fields of the ophthalmology for which 
the fluorescence vasography intrusive now is used, and can be replaced with those approaches. This 
approach is un-intrusive and it is not necessary to open the pupil of the eye used as the candidate for 
investigation. Furthermore, this approach enables time and the measurement divided into the location by 
the three dimension of a retina blood flow. Still more general Field of application of this approach is 
measurement of the retina blood supply condition in the case of the onset of glaucoma in the 
measurement list of the modulation ability of a retina blood circulatory system. Medical Field of 
application other than an ophthalmology is the measurement especially divided like a location of the 
blood flow in other internal organs, such as the skin, the heart under operation in a list, liver, intestines, 
and a brain. 

[001 1] The equipment by this invention for enforcing this approach is a computer for analyzing the data 
acquired in the electronic control circuit for a laser scan system, a scan process, and data acquisition, 
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and the list. A laser scan system contains the optical image formation equipment for carrying out image 
formation of a laser light source, the beam-olHight deviation unit for deflecting a laser beam periodically 
to a perpendicular 2-way mutually, and the scanned laser beam to the top for investigation. The 
detection equipment for measuring the reinforcement of a reflected ray is formed in the decoupling 
element for separating the focus element for furthermore moving a focal plane, and a reflected ray from 
an incidence laser beam, and the list. In an ophthalmology, it is the component of the optical image 
formation equipment with which the optical refractive medium of an eye itself carries out image 
formation of the scan laser beam to the top for investigation in the case of retina inspection. It is the 
4103298th patent C 2 of Germany of especially the above-mentioned [ a focus element ] to the above- 
mentioned beam-of-light deviation unit list. It can form in a number as equipment for an object scan like 
a publication. 

[0012] Other special modes and advantages are indicated by explanation of a subordination claim and 
the following example. 

[0013] Next, this invention is further explained with reference to a drawing. 

[0014] The 1st scanner 1 and the 2nd scanner 2 are roughly shown in drawing 1 . The 1st mirror 3 is 
mechanically combined with the 1st scanner 1, and it is arranged possible [ revolution ] around the shaft 
5 perpendicular to the flat surface of drawing. The 2nd mirror 4 is arranged at the 2nd scanner 2, and it 
can be circled in this mirror around the shaft 6 parallel to the flat surface of drawing. A shaft 5 and a 
shaft 6 pass along a perpendicular flat surface mutually, and are mutually perpendicular. It is important 
that the 1st mirror 3 takes spacing 7, and is arranged to a scanner 1, and the revolving shaft 6 of a 
scanner 2 passes along the revolving shaft of a scanner 1 and the midpoint of a mirror 3. According to 
this invention, the core of the 2nd mirror 4 is located in the location of the one half of the distance 
between the core of the 1st mirror 3, and the revolving shaft 5 of the 1st scanner 1. Although the 
revolving shaft 5 of the 1st mirror 3 is running almost in parallel with a mirror side, distance 7 is between 
the core of the 1st mirror 3, and a revolving shaft 5. It is running almost in parallel [ the revolving shaft 6 
of the 2nd mirror 4 ] with a mirror side. Although the revolving shaft 6 furthermore passes along the 
core of the 2nd mirror mostly, a certain distance can be taken if needed. Generally, the core of the 2nd 
mirror is arranged in the one half of distance 7 from the revolving shaft 5. 

[0015] A lens or an image formation means is not among both the mirrors 3 and 4, therefore a beam of 
light 9 reaches other direct mirrors from a mirror inside equipment. It is shown roughly that it has 
attained the beam of light 8 from beam-of-light decoupling equipment 22 to there. The beam of light 
from the light source 24, especially a laser beam reach this equipment first, and reach the equipment by 
drawing 1 from there, and reach an object further. The beam pf light reflected with the object reaches v 
decoupling equipment 22 through the equipment by this invention again, and decoupling equipment 22 is 
preferably supplied to evaluation equipment 26, i.e., a detector, at an electron-avalanche photodiode, in 
order to evaluate a beam of light further. The beam of light 10 reflected from the object or it was sent 
to the object is almost perpendicular to the flat surface along which beams of light 8 and 9 pass. 
[0016] There is a zero of a perpendicular shafting at the core of the 2nd mirror 4, and it is clear from 
the above-mentioned thing in that case that a X-Y flat surface's it is in agreement with a drawing flat 
surface. A beam of light 8 runs to the direction of Y, and parallel, and a beam of light 9 runs along the 
direction of X between both the mirrors 3 and 4. The revolving shaft 6 of the 2nd scanner is located in 
the direction of Y, and a revolving shaft 5 is located at right angles to a X-Y flat surface. 
[0017] Although drawing 2 shows the equipment of drawing 1 seen from [ II ] the look, the shaft 5 is 
running the shaft 6 at right angles to a drawing flat surface all over the drawing flat surface here. A 
mirror 3 is connected with a scanner 1 through an arm 11, therefore a revolving shaft 5 keeps its 
distance 7. A drawing flat surface is equivalent to the X-Y flat surface of the system of coordinates 
which make the core of the 2nd mirror 4 a zero. Or it was reflected by the 2nd mirror 4, the beam of 
light 10 returned to the mirror 4 from the object runs to a Z direction. There is the revolving shaft or the 
rotating point of the 2nd mirror 4 or the 2nd scanner 2 in the middle of the rotating point of a revolving 
shaft 5 and a mirror 3. This shows that a beam of light 10 is sent to an object 20 in accordance with an 
optical axis 12 through optical image formation equipment or the focus element 16, and is further 
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reflected from a mirror 4. The beam of light 8 which reaches the mirror 3 of the 1st scanner from 
decoupling equipment, and is reflected by it runs at right angles to the direction of this side of a drawing 
flat surface. 

[0018] the beam of light reflected by the mirror 4 — the focus element 16 — minding — an optical axis 
12 — meeting — an object 20 — reaching — that time — an incidence laser beam — both the mirrors 
3 and 4 — based on a periodic and synchronous motion, it deviates in a two-dimensional flat surface 
perpendicular to an optical axis. Although the image formation which can use it by the approach which 
suited the purpose and does not have failure of an object with a compact configuration especially is 
guaranteed especially in order that above equipment may enforce the approach by this invention, other 
laser scan systems can be used within the limits of this invention. 

[0019] Drawing 3 is fundamental structural drawing of the equipment which has the laser scan system 
30 by this invention, and operates by the computer 32 and the electronic control circuit 34. Below, in 
order to clarify these relation, the component of drawing 1 and the equipment of 2 is also referred to. 
The 2nd mirror 4 vibrates by RF f, and moves a laser beam along with the line of an investigation object. 
The reinforcement of the reflected light in each M points that a series of measured value of M pieces 
was obtained along with the line which was measured with the fixed time interval by the detector 26, and 
was scanned, and the light reflected by this line during the scan met this scanned line after this is 
reproduced. The aforementioned measured value of M pieces is digitized and is memorized by the 
computer 32. Each of M points which the scan which met this 1st line of an object was repeated N 
times continuously, therefore met the line is measured with 1 /of the time intervals f only with same N 
time. In this way, the matrix of MxN measured value is acquired, this location time amount matrix is 
divided in location in each of the line of that N book, is divided in time in each of the train of M book, 
and contains the reflected light reinforcement in each point of having met the 1st line by which the 
object was scanned. 

[0020] After recording a location time amount matrix about the 1st line of an object, a scan laser beam 
is moved to the 2nd line by which an object adjoins at the direction and perpendicular of the line 
scanned by the 1st mirror 3 of a beam-of-light deviation element. An above-mentioned measurement 
process is repeated about this 2nd line. Subsequently, other parallel lines of an object are scanned 
similarly and L matrices which are equivalent to L lines in this way and which have the measured value 
of a MxN individual, respectively are acquired. Then, according to this invention, the two-dimensional 
field of an object is scanned in respect of a MxL individual, and the measured value of a series of N 
individuals is obtained with an equal time interval about these each point. Spatial and the rate-ofHlow . 
range which becomes possible by this sequence of a time scan process, and is needed are covered, and^ 
the thing essential to this invention for which the effective numerical approach of a analysis of a 
spectrum is drawn becomes possible. If a scan speed is quick, when especially a high sensitive detector 
detects the reflected light, very high efficiency will be acquired. Especially the optical structure of the 
scan system explained about drawing 1 and drawing 2 guarantees optical high yield according to there 
being few optical components, and guarantees the high sensitivity detection realized further especially 
by the electron-avalanche photodiode. 

[0021] In one general mode of retina blood-flow measurement, the following numeric value is set up, for 
example. 

[0022] In order to scan one line along with a retina, the 2nd mirror 4 vibrates on the frequency of f= 
8000Hz. About multipliers M, N, and L, it is 256, respectively. A numeric value is given. As mentioned 
above, an object is M= 256 in this way, respectively. It is L= 256 to the point of an individual. The field of 
a line is scanned. When using the optical image formation equipment of a focus element and choosing 
the die length of the scanning line as about 3mm, location-spacing between two contiguity lines is set to 
about 0.01mm at a list during two point of measurement which met one line in a retina. Spatial division 
of measurement is given with this value. The reinforcement of the reflected light is L= 256. In each point 
of a line, it is measured at intervals of [ which was fixed ] 1/f= 0.0001 25 seconds. The data extraction 
time amount of the location time amount matrix of one line is 1/fxL=0.032 in this case. A second comes, 
and the total extraction time amount will become 8 seconds if the value described first is followed. In 
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the above-mentioned general measurement mode, it is 256x256x256 as a whole. The measured value of 
an individual is extracted and digitized. 

[0023] Thus, in order to be extracted and to evaluate the digitized data, in each point of an investigation 
object, it leaves from a part of light measured being reflected by the component of the movable 
component of an object, and the blood which flows especially, and being reflected by the object part 
which other parts fixed. Based on the Doppler effect, the frequency of light reflected from the part 
which moves is shifted to the frequency of light reflected from the part which does not move. According 
to the coherency of a laser beam, time fluctuation of the reflected light reinforcement measured by one 
point of an object produces this by the lap of these [ in a detector ] two components, and interference. 
[0024] The time course of the reflectivity in one point is contained in the train of the location time 
amount matrix applicable to the point, respectively, if the above-mentioned explanation is followed. From 
evaluation of time fluctuation, count of the rate of flow in the point of producing the fluctuation is drawn. 
On the other hand, according to this invention, frequency analyses, such as a discrete Fourier 
transformation, are performed to each train of a measured-value matrix, and frequency distribution of 
time fluctuation of reflected light reinforcement is acquired in it. Since fluctuation of the measuring 
beam which has a predetermined frequency from a predetermined rate on the strength is drawn, the rate 
of the part in each point of an object which moves can be determined from frequency distribution. The 
discrete Fourier transformation of measured value is the range of this invention, and can be carried out 
also by the special hardware of a computer also with software. 

[0025] The matrix of the rate of a MxL individual is acquired by count of the typical rate of flow in each 
point of the scan two-dimensional field of an object. Especially this matrix can be displayed as an image 
which divides the rate of flow in location and is reproduced. The following limit about the rate-of-flow 
measurement arises about the numeric value given there [ a general above-mentioned mode and there / 
general / above-mentioned ]. 

[0026] The threshold frequency in the case of a discrete Fourier transformation becomes f/2, i.e., 
4000Hz, in the above-mentioned example. The object which moves at a rate v in parallel with an optical 
axis along the propagation of light causes the frequency shift of the reflected light, and causes the 
modulation of the reinforcement of the measuring beam, which has frequency F=2 v/lambda by this. In 
this case, lambda is equivalent to the wavelength of light. Therefore, in the case of the aforementioned 
value, the highest rate of flow becomes a second in 2mm /. 

[0027] The approach by this invention, equipment, or the special mode of the both is explained below. 
Especially a laser scan system can be constituted as confocal optical system, and reflected light 

detection equipment consists of well-known approaches in punctiform mostly in that case. For this 

reason, one small protection-from-light equipment is arranged, for example in the location optically 
conjugated to the focal plane of a scan system in front of a detector. Only the light reflected from the 
narrow circumference of each given focal flat surface is detected on parenchyma by this. In contrast, in 
other locations, the reflected light or the scattered light is effectively controlled based on confocal 
structure. The high optical resolution of a system is attained by this not only in a direction perpendicular 
to an optical axis but in the parallel direction. It becomes possible to separate mutually the rate of flow 
[ in / further / it becomes possible to measure alternatively the rate of flow in each layer of an object, 
for example, the blood circulatory system of a retina by this, and / a retina vascular bed and a choroid 
blood circulatory system ], and to display in three dimension. 

[0028] In one still more nearly special mode, optical system is designed so that sensitively 
[ polarization ]. For this reason, the laser light source by which the linearly polarized light was carried 
out, especially laser diode are used, or the linearly polarized light of the unpolarized light laser beam is 
carried out with a polariscope. The decoupling equipment 22 of drawing 1 is designed to polarization still 
more sensitively so that only the reflected light by which the linearly polarized light was carried out in 
the direction rotated 90 degrees to the incident ray may reach a detector 26. In such arrangement, 
maintaining the polarization direction from an object, the light reflected directly is controlled effectively 
and only the parenchyma top scattered light is detected. As an exception method, the quarter-wave 
length plate arranged at the optical path between the investigation object 20 and decoupling equipment 
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22 is used, and the 90 degrees of the polarization directions of the reflected light are rotated compared 
with the polarization direction of a laser light source. Subsequently, it collaborates with decoupling 
equipment 22 sensitive to polarization, and the light reflected from an object is detected mostly, 
maintaining the polarization direction. On the other hand, on the scattered light or another side, the 
further information about distribution of the rate of flow is acquired by choosing the direct reflected 
light. 

[0029] In other one example of this invention, the decision of various fields of a blood circulatory system 
is attained by using change of the wavelength of a laser beam and especially moreover incorporating two 
different laser into equipment. The light of different wavelength in that case expresses a different 
penetration depth to retina tissue. Infrared radiation is penetrated although the retinal pigment 
epithelium which separates a retina blood circulatory system from a choroid vascular bed does not let 
the light pass. If visible laser light is used, in the range of this invention, light will only be reflected by the 
upper organization of a retinal pigment epithelium, and a blood flow will be alternatively measured in a 
retina blood circulatory system. On the other hand, if the light near an infrared field is used, light will 
arrive also at a vascular bed with a choroid, and the measured rate of flow will serve as a lap of the 
blood flow in a retina, and the blood flow in a choroid. According to this invention, only the blood flow of 
a choroid is acquired by deducting the blood-flow image obtained from the blood-flow image obtained 
with infrared light by the light. Positioning of a deep part is attained according to the further above- 
mentioned confocal structure. 

[0030] The rate-of-flow measurement in the time course by this invention should care about also 
enabling decision of time amount change of the rate of flow in a blood circulatory system at the last. 
[0031] The pulse wave-motion rate inside a retina blood circulatory system is measured in the way of 
having suited especially the purpose with the time-sharing expression of the retina blood flow about 
synchronization of heartbeat data decision, and two or more heartbeats. In this way, pulse wave 
propagation, vascular resistance, or the permission non-homogeneity of the both can be expressed. 
[0032] A multiple mirror or an oscillating rotation mirror can be fundamentally used for the 2nd quick 
migration mirror (mirror 4 of drawing 1 ) of the beam-of-light deviation unit which moves a laser beam 
along with one line on an object/In the case of the latter, in order to scan the line of an object, 
whenever this mirror moves, the dead time for returning to that start location arises every. According to 
this invention, the return time amount of a mirror is used also for acquisition of data. The 2nd location 
time amount matrix which was shifted in time to the 1st location time amount matrix by this about each 
of the line by which the object was scanned and which consists of the measured value of a MxN 
individual is acquired. These two location time amount matrices are separately applied and compounded 
to a Fourier transformation with all spectrums in consideration of the shift principle of a Fourier 
transformation continuously. The improvement of signal to noise ratio is attained by this special mode. 
[0033] In order for a Fourier transformation to estimate the frequency spectrum brought about from a 
location time amount matrix, various alternative modes exist in the range of this invention. By 
determining the characteristic threshold frequency seen when flow is strong, it is possible to measure 
the highest generating rate of flow. Measurement of mean velocity is attained by measurement of the 
importance of frequency spectrum which shows the spectrum power density value equivalent to the 
arithmetic mean of all spectrums, or measurement of a frequency. The spectrum power density of the 
frequency of further each is measured, and the relative frequency of various rates of flow can be 
determined. 

[0034] One special technique which evaluates frequency spectrum is a band method. By this approach, 
the average of spectrum power density is computed in the fixed frequency range equivalent to fixed 
mean velocity, and the blood-flow image of a specific speed range is obtained. With various average 
frequencies of such a band, rapid flow, such as a network artery style, is investigated gently [ a capillary 
tube style etc. ] as the purpose. In this case, the spectral band width of the passage range of a band 
serves as a scale of each determined frequency range, therefore a scale of speed range. 
[0035] According to still more nearly another mode of this invention, above-mentioned equipment, an 
approach, or its both can be used for laser-doppler flow rate measurement. In this mode, the ratio of the 
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luminous intensity reflected in the measured rate of flow by the fixed component obtained from 
frequency spectrum analysis and the migration component is hung in each point of the investigation 
range. The image which flowed in the form which suited the purpose and was divided like the whole 
location especially by this is obtained. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the fundamental map of the equipment for carrying out this invention. 
[Drawing 2] It is the fundamental map of the equipment of drawing 1 seen from [ II ] the look. 
[Drawing 3] It is drawing showing the fundamental structure of the equipment by this invention. 
[Description of Notations] 

1 1 st Scanner 

2 2nd Scanner 

3 1st Mirror 

4 2nd Mirror 

5 Six Shaft 
7 Spacing 

8, 9, 10 Beam of light 

11 Arm 

1 2 Optical Axis 

13 14 Lens 

16 Focus Element 

20 Object 

22 Equipment 

24 Light Source 

26 Detector 

30 Laser Scan System 

32 Computer 

34 Electronic Control Circuit 

M Measured value which met the line 

N It is the number of point of measurement per line. 

L The number of the scanned lines 



[Translation done.] 
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